INTRODUCTION
Chiasmata are the physical agent of genetic recombination events in meiotic cells and as such they have been used in a large number of studies to estimate the amount of recombination occurring in natural populations. It has usually been inferred that high chiasma frequencies would reflect high levels of variability in those populations. However, as Rees and Dale (1974) showed in surveys of populations of the grasses Lolium and Festuca, although the release of variability may initially be high in populations with high levels of recombination, natural selection would usually act to fix particular genotypes and thus reduce the overall level of variability in those populations. Conversely, those populations with low chiasma frequencies would appear to preserve variability by having less disruption of supergene complexes. One would thus then observe a negative relationship between chiasma frequency and levels of variability in a population.
Few data comparable to those of Rees and Dale have been reported for animal species though those of Price and Bantock (1974) show a similar negative correlation between chiasma frequency and levels of polymorphisms in populations of Cepaea nemoralis. Since a number of population samples of the endemic New Zealand grasshopper Phaulacridium marginale had been collected for a study of the effect of supernumerary heterochromatin on chiasma frequency, it was decided to measure four morphological characters of these males to determine whether there was any relationship between the Between Individual Variances for these metrics and the population chiasma frequencies. 
MATERIALS AND METHODS
Population samples of Ph. marginale and Ph. otagoense were collected from a number of localities from South Island, New Zealand during the 1973 meiotic season (for details, see Westerman, 1974) . Testes were scored for mean cell chiasma frequencies as well as for presence of both Bchromosomes and supernumerary heterochromatic segments. The cadavers of the sampled males (usually twenty) were then used to measure four morphological characters: (a) mid-dorsal length of pronotum, (b) left lateral pronotum length, (c) left tegmen length and (d) left hind femur length (see Westerman, 1974) . These metrics were used to measure variability among exo-phenotypes within populations. Similar measurements were made on a further ten population samples collected from North Island, New Zealand, during the 1974 meiotic season (for details, see Westerman, 1975) . 
RESULTS AND DISCUSSION
Since all four metrics chosen were length measures it is possible that the variance of each character will be affected by the overall size of individuals in a particular population. It was decided therefore to correct for this by expressing the data as Coefficients of Variation (see Steel and Torrie, 1960 These coefficients of variation were then plotted against mean cell chiasma frequency for each population (data from Westerman, 1974 and 1975) These results are in agreement with those of Rees and Dale (1974) for the grasses Lolium perenne and Festuca pratensis where the variability between individuals within populations was lower in those populations with high chiasma frequencies and higher in those populations with low chiasma frequencies. Similar trends of decreasing variability of populations with increasing chiasma frequency can also be seen in Cepaea nemoralis population data reported by Price and Bantock (bc. cit.) , and in the mottled grasshopper M. maculatus by Hewitt and John (1970) . In the former case there is a negative correlation between population chiasma frequency and index of polymorphism (data from their tables 1 and 2). In the latter ease, although B-chromosomes were shown to have "no obvious immediate effect on the exo-phenotype", a consideration of table I, Hewitt and John (1970) reveals that in a large number of cases (16 out of 24) the Between Individual Variance of "non-B" individuals is greater than that of "+B" individuals. Although no chiasma frequency data are given for these five Sutton populations, it is stated that "individuals with supernumeraries have higher mean cell chiasma frequencies than their non-B compatriots from the same population". As noted by Rees and Dale, all of these negative correlations are to be expected if higher chiasma frequencies led to greater release of variability in populations, some of which was then "fixed" by natural selection. Populations with lower chiasma frequencies would thus tend to have their variability comparatively preserved as less recombination events occur in the genome.
The amount of variability released in populations with higher levels of recombination would be enhanced if the "extra" chiasmata occurred in portions of the genome not normally recombined. Although no studies on chiasma localisation in the genus Phaulacridium have been done which are comparable with the detailed analyses in the genus Caledia (see Shaw and Knowles, 1976; Coates and Shaw, 1982) it is known that in Phaulacridium too chiasmata tend to be localised. In the smaller chromosomes the localisation is distal with respect to the centromere, the larger telocentrics tending to have both proximally and distally localised chiasmata. Most of these terminal chiasmata may have little or no role to play in the normal recombination process other than to ensure orderly segregation of homologues. The patterns of chiasma localisation observed mean that the interstitial regions of the majority of chromosomes normally show little genetic recombination. Increases in mean cell chiasma frequency generally result in chiasmata being formed in these interstitial regions with concommitant breakup of supergene complexes normally inherited as units. Again this situation is similar to that described in Lolium and Festuca by Rees and Dale (1974) , in wheat by Zarchi et a!., (1972 Zarchi et a!., ( , 1974 and in rye by Jones (1974) .
The presence of B-chromosomes or supernumerary segments in individuals of the genus Phaulacridium also leads to higher mean cell chiasma frequencies and to the presence of more cross-over events in the interstitial regions of the larger and intermediate sized bivalents. Such increases in recombination might facilitate rapid adaptation and greater fitness in the short term but would also be responsible for a loss of longer term adaptability in the population as higher levels of homozygosity are achieved by fixation. In this latter case, the high chiasma frequencies seen in populations may well be a relict of an earlier condition (Rees and Dale, bc. cit.) . In Ph. marginale and Ph. otagoense, B-chromosomes or extra segments which raise chiasma frequency are only found in populations in the ecological "centre" of the species range (Westerinan, 1975) . From this it could be argued that break-up of coadapted gene complexes in the interstitial regions of chromosomes allows for closer adaptation of populations to varied habitats in the centre of the species range. In contrast, however, the presence of polymorphisms for B's and segments in populations on the ecological periphery would be less likely to be tolerated where a premium would be placed on the maintenance of heterozygous gene combinations.
Release of variability by high chiasma frequencies may thus make possible the fixation, by selection, of more adaptive but, at the same time more homogeneous and homozygous genotypes. These findings also suggest a possible reason why B-chromosomes are only found in ecologically central populations of Ph. marginale.
